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i 

mm&] mmm 

S & $ «b iCfii^T V^ £ Z. £. Z. + 5 ¥^#!£So 

IfHUlWWtt, I^S i^.y Ge x C y (0£x<l, 0^y< 

i) tcfcoT^sns^^t?* 1 ;, 

±fH^l ©¥^#1*. 3fij£#S i 1 _ x _ y G e x C y (0^x<l, 0^y<l 

o 

c»#«5] i ~4 (Do i -D\zuM<D*mtkmmz#>^ 
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mm. 

m&m e ] m&m 1 ~ 5 © e> *> v^ti^ 1 c> tzmm<D¥m<*mmz & ^ 

T, 

7 1 6 &m<D¥m<*mnK.i5 ^x. 

X. 

±SSH 1 Jfirt* 5 S i Ge x C y ( 0 ^ x < 1 , 0 ^ y < 1 

) iz&-Dxmzfr2>¥rmfox2b>). 

[»#3Cl 13 «^6IH«©^#^g(C^^T, 
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X., 

m#mi 2] at^i iss«tf>¥##§£M&;:;i3v^ 

±fHfgl tf>¥^M*> S i^Ge &J&#5ti^bTl^fr¥##:T*&*J, 

±mmi(D¥mmz. si, g e & tfc ^^it i »s »j, 

[^©fNffl&M] 

[0 0 0 1] 

[#§0£©«ir£&ffl5#gF] 
[0 0 0 2] 

M-fb-t -5 3 £ #Sfc < M £ tlX v^ £ . 
[0 0 0 3] 

fBliMM I S-tVW 7. (cMISrA'-f^) tC J: o T^fi££ *l£ EJSfr 
<Z>m3t«# (Pload) i{CA#©5tM^<k^T^C, TfB^; (1) 
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P load= f • C load • VDD 2 (D 
ICfco T^3tlS. f ttftttr®IBIMR& CloadttfcflfML VDDli« 

±IH« (1) ^e>*3^S«fc^tc «K*ffiVDDfc{6«'*<&£i:# 

i&mmmMiztthx}m\ l zm®T*&z>z.£tfMz a tz.^. -rate mm 
mmwi&<k&t.* m i s h 7 > ^ ©i^ii^/j^ < & mi 

[0 0 0 4] 

l/y*/a-^/KU-^««^*B«BB«WKU»*-r6. cMI S<5*,*>f *&fB*.fc 

I© J: ^ ^«^©t^ 1/ f a - K V - 2 mffiZMffi-* 2>&ffi 
thX. MZ-ltJCffil (T.Kuroda et. Al., "A 0.9V, 150-MHz, 10-mW, 4mm2, 2 
-D Discrete Cosine Transform Core Processor with Variable Threshold-Volt 
age(VT) Scheme," IEEE J. Sol id-State Circuits, vol.31, 1996, p. 1770.) IC 

VTMI S-r/t>fX (Variable Threshold-VoltageM I S^/WX) V 
TMI S^/W^lCfc^Ttt, lft^JCttS«A-f rxSr^<PP*DL"CMI S h 

^ y v 7, z <d b ^ v N-fitmrn & <s < -r -5 i i: r-WMWjft & st^-t s -r £i w 
iicj: y y -?m««J-r£o 

[0 0 0 5] 
[0 0 0 6] 
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b 

hZmZ>ZiH$mmtte-o~CZT^2>o lT&fc>1=>, itAMT^^fc (AVbs) 
fC£6 b£V^«ffiCDM; (AVth) TfB5£ (2) 

A Vth= r • A Vbs (2) 

[0 0 0 7] 

JCffllZ (T. Hiramoto et. Al. f "Low Power and Low Voltage M0SF 
ETs with Variable Threshold Voltage Controlled by Back-Bias," IEICE Tran 
s. Electron., vol.E83-C, 2000, p. 161. ) &CgB«£ tlX ^ £ <fc O fC L £ WfiS 
*JEVth©<£T^*^Mr^^iSCT (Z)[pJ±i:lih U - F^7<0g8«JC& U , b 
$ v^iSJEE V th^lg^M I S h^>S?;*#lcfc^Tl±, SS^UTxil r ti/h 
£<&oTb£e>o Lfe^oT, MIS h7>S/^^ffltStE$:fitJ±ftLo 
(o£ U n«v%J|gSi7^J) £#££&&c> ftrfWO b £ v^SJE Vth£<£ 
<-T6^ ^nic/&bTSMi£r*MN£<&£<Z)T% ^ (2) frbfrfr&Zo 

iCb^V^mffiVth^ftMAVthtf/J^ O * *J , MISb7>^^ 

0^Wi3v^i/H7x&Mbt^, #«B?fc;J3tt*L3vHil«ffiVth© 

mf^^^^©^fc*AVth^+^^<^^^VN 0 MISh7>^ 
[0 0 0 8] 

##§f38tf>Simi, M I S h^>^X#tf)b#V^mffi£{£T3it&# l b» ; iK^ 
# (D Iff is* 7 U - ? £ H3i b e> § ¥^#^«tf>*S« 5: 
[0 0 0 9] 
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[0 0 10] 

«>#ft a <£MIS« Aft £ & 0M£T mm-t Z> z. i: £ £ . 
[001 l ] 

±fB3£l y K^'y^t^l3 <Z>¥##;fre>&3 3r ^ y :/ 

Z. H ft of II &C & »J , fi*g/1 A T 7. OD^ft {C J£ D b £ V % ffl«JE CO 3£ft II & * £ < 

[0 0 12] 

±fBfl 1 SfiJ&tfS ij-x-y Ge x C y (0^x<l, 0^y<l 

) iz ±fBfS2tf>¥^Mis i -e&£r 



ffiSE#2 002-3104027 



#2002-011833 

n g^SM I S F E T Zm^ft Z> r £. £ £ . 
[0 0 13] 

±IB$lCDf^H I^S i^y Ge x C y (0Sx<l, 0^y<l 
[0 0 14] 

[0 0 15] 

[0 0 16] 

-e&y, ±iap^*;w*a&&^^*;i'"£&£^Jcj: tufca*** 1 -** 

[0 0 17] 
[0 0 18] 

&y, ±Han^-v*;i/iiii«bji^^^^^T'fe^r iiicj; y, tia^^-v*^ 
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b 

[0 0 19] 

±8B*l©^i#lt ifi^S i^y Ge x C y (0^x<l, 0^y<l 
[0 0 2 0] 

±iH%e> i o(D¥##s<z>e>i3-tie%e> i o 

^**;MB«©T:£ic®W&*u ± tail 2 <D¥##;fr l cxz>^-y*;i/ 

& a 6 jcfltit * i i: jc j: y , wats?^ ^ ^n^xmm-t & ^mfomutfm & *i 

•So 

[0 0 2 1] 

_hSBm 1 S i G e bt^fc^iftt'feSi^ ± 

te p ^ -v * ;i/ * ;i/-e & >J , ±ffi n ^ * ;i/ tt*® ^ * * ;u -e 5 

d JC «fc l J , nft^MM I S h9>S?*#tC;J3V>Ttt, Si-VTMMIS 
[0 0 2 2] 

±gBfl 1 <5D¥##te S i , Ge&tfC£j&#^0£bT^t?¥^#T*&y, ± 
^jUMI S h ^ > S/^. # P f t^^l/SM I S h^>^^^©m*^^VNT 
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[0 0 2 3] 

jimmzmmtzz. tizzy* isf*^mn&vth<D&TnmwuTx&&r<D 
mxtzmmzmm-tzz.tLKj:*), vtmi sf/w ^<iDit»M • {&m$t 

LTV>< = 

[0 0 2 4] 

Ml (a) , (b) {*, *^W©^1©H^^S i GelSft^M 

v^fe^fns^scpf ^^;i/VTMi s h7>i/'x^ (jt^r. pHVTMis 

[0 0 2 5] 

01 (a) , (b) IC^J^IC, *WI<OpHVTMISFETtt p 

scs iisi ot, s is«i o©±icuHv-cvD^a yxtr**^ 

;i/J&:R£*tfcff£$J 1 0 nmCDS i/^*;77ll 3 S 3 0± 

tCUHV-C VDj^tCj: y xbT^^rS/-v;i/J^^$nfcff$*&l 5 nmCDS i G e 
114 (GejffifiKSp3 0%) S i Gell 4 GD±lCU H V - C V D&(C «fc »J 
xbr^^i/^M*S*VfeJ?S*Sl5 nmlDSi 1 5 fc&fS*.T^£o 

[0 0 2 6] 

$e>{C, pHVTMI SFETli, S i y 1 5 CD±JC«tf fctlfeS/ U 
3>»ftJK#*e>fcSJ*S*&6 nm©^- hlfiill 6 fc, >f- hiill 6 ©± 
tCKtt&tlfey- KSIl 7 £&ii;lT^£o f IT, Si;t-y77ll3, S 
iGell 4MS i ^■vy^Jgl 5 0)?*)^- h«fiil 7 ©MM^lC&af 3 
M^cici«aScDpM^M^S:#t?y-^li«2 0 a&tf Ku-f >fiB«2 o b*< 

IS W *U V-^fi«2 0a &l>* K U >f 2 0b IJ^^Hfl^c 3 0 IC «fc o 

o b £<Dm<z>finmz. nm^nm^tis ostjw&z 2^^or^y, si 
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m^UISs^tiri' S i fl^Sc 2 3 ii^ot^l), fit, S i G e jg|l 4 tf) ? t> 
V-X««2 Oat Kl/>f >«*2 0 b t©^©^Ji, it«l»fi«ft®nS7 
iUBi&Sr-^tf S i Geft*M«24 £&oT£'J, SiRl 5 0^4*- hjft 
Mil 6 CDfiTJCffia-r nS!^3««fe^toS i**rv?m&2 
5tfi!oT^5. ^- Mil 7 i:-e©±^©|gHi:^iit5^- 

^3>^^h26ai, Kl/-f >«* 2 o b t-e©±*(Z>BBIIi:fe«ftWtciR«l 

Kl/>f h 2 6 b Si JK^-f ««2 2 t^0±^(Dm^t^m 

^3>^^h2 7tt, S i sK-r-f1H«2 2izm\Lbf=./i-( 77. («JE) 

[0 0 2 7] 

"f'fcib^ *Hi»pHVTMISFETH 4*- hfcffi 1 7 &Cftl#[]£ *i 
SSjE (^-h/HT^Vg) ft? 4 ny*V h 2 7 ^lt^flS2 
2lCMJ$*l£«JE (i«/H7^Vbs) tlC^oT, ^f-Mtl 7, ^- h 
Hill 6, Si^^y^*2 5, S i Gef ir*^/I«2 4, n" Sif23 

[0 0 2 8] 

z:z:t% pf^^MM i s f e TtcfcvN-cte, tf-r-r ^cicffr&nsti&A© 

«ffi#i£#f6l<Z>««/\*>f 7* ( L§ ^if i±^±#t5^ (Sl(Z)AV 7^) 

, nf^^»I S FETtC^VNTtt, /Kr-f IS^lCPPinS *l*IE©«JE;WII 

-ftfammkrt* 7*T*:£®mE#^#l«Jtf>S«/W 7XT*&5 0 Lfc#oT, p 
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<5D«i± #Ml $ tl tc £ £ £ ^ if £ JR# A T * £ V 

[0 0 2 9] 

fit, #HJgJ£S{c£^-ui, Eli Sfc^i-^^^MA-rr^SJ^riili^lc 
J: y , nHVTMI S FETOp ^x;i/ ( p jKt-V Mc) C IfrfWcte U£ V\ 

m.V'yyVT.Z Xlt p SMT'S »J , p *JIM b^y Xlt n%m®T* 

o 

[0 0 3 0] 

02 (a) , (b) , (c) «, -etl-TtlJliiC, y-h«ffil7, $*-hJft» 

116, Si^»;^|2 5, S i Gef ^^;«2 4, n" Sig23^ 

[0 0 3 1] 

EI 2 (a) (C^fJc^tC, tf;i/ h-f yVtMT*. Ge#W30%©SiGe 
5^*;i/Mc2 4 0D/\*> K^v^tt, Si*t*yyi2 5Mn" S i flgc 2 
3lCjt^T, iH!l2 2 0meVTO3<45fflt, S i G ef ^^;«2 4 t 
Si^^|2 5Wn" S i«PBt2 3 £<Z>ISfiCti, 5:69 U ZL &>Z> Z. t. 

tf^m&mm^&a^Tummtfm&titiz* fit, ^-msi 7ic P s 

-OttSS) X. S i Gef^*MI(2 4 0)3^S i *t>yyf2 5 {Cg?f £SP 
^(Z)fl5«^3g©X^;V^-^#lClS<^S(OT*, S i Gef^^i«24(0 

/\ ^ n Mtfi fc g f €> # ic * - n, co m D r #> ic jg t £ m # ^ $ ft x v % £ . 

[0 0 3 2] 

Ife^ot, 0 2 (b) lC^i:e>{C, t>-?fr<D¥- T*V g fcfWt 

2>1=.tfX\ rty KOffitftCfc y, SiGe^*)Hfi«24©^Si^y^ 
12 5{C^1-§f|J^{C, p^*;i/&?gJ*"**;ii:#T?£, U^V%#«JEVth§: 
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bsliO hhX\^ 0 S i Ge^*;i/«c2 4 li, ^f- h,f il 1 6^^, S i 
■V^^JS2 5©jS^^WH4X^^SlC^$tlTfeU> ##§HH<Z>S iGe-p 
HVTMI S V^M#)&#^-V LT^£„ 

[0 0 3 3] 

SiGef-?^;i/I^2 40D!jti[t$)«.*-;V©IM$:ifflbT < MISF 
ET(D <g«ffifl: £ ^#fitT^5S"t"-S ' £.ftX£&* 

[0 0 3 4] 

— 02 (c) lC^-TJ:e>&C, pHVTMI SFET©#WiClt *£V* 

^<ffitf e>*x-g> 0 ^*u*> y-*- Fb^>»«?fSo^f>^^^(: 

ifctCffi^fTS. LfctfoT, pHVTMISFET5:t>}CtSfeJ?) 
[0 0 3 5] 

fcfc, pHVTMISFET©ilWC}«|pl (A) ©llAM7XVbs$: 

V > ft £ iff < -T £ J: e> IC b T J: V > . 
[0 0 3 6] 

-1S;H7^«- 
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\t*UW£ifi*g<i/7 h2-&2>Z£tfT*£2>Z£i$, WTO)?-* \z <fc oTHliE 
[0 0 3 7] 

03 (a) , (b) tt, »Si-pVTMISFET, * 

$&m<DS i G e - p H VTM I S F ET©lif»^f>J/t;i/0i/^ U 
-S/a^^S^-ra-e**. 03 (a) , (b) iCfcV^T, «WttS*©_fc® 

■Y*;i/^!M I S F E T IC£>V*T U 7 tfjft-;!/"??** ^ £ ;ft<Z>;£|Bj 
(Cfpj^e>iSi:\ (*-;V(Z)j£*T \zft-t£tfT>i' Jl r)i) #:*£v* Q 

flkfe©S i - pVTMI SFETS^I5©S i Ge-pHVTMI SFET 
<7)^i?tHZ&^T%. JK-r-f fl^^M^a^til X 1 0 18 cm%ij, 
/^TXVbsfcO. 6V G&A-fTX) fr<b-0. 6V (1/U7^) £"«<ffc 
£i±T£>J, b;H7^V gliO VT*S>S. Jfe, 0 3 (a) , (b) ICfe 

[0 0 3 8] 

0 3 (a) , (b) *im.-f&}lt>-frZ> idle, *»pHVTMISFE 
T05SiG e ^f^tDsK-r > S/*;Wi, »S i — pVTMI SFET 

coy- hJM5J»JR^cDlsiffi#>£©ffi«Jc^3*i« s i ^••v^;i/«©^T->^^ 

[0 0 3 9] 

03 (b) IC^S i G e^V*)l<Dtf'ryi' J r)l<DM&&. 03 (a 
) iZB-t S i ^■**/1/0>jK7 s '>$"V/HD«SJ: »; *>:*t*V\, SiGef 

^ * /b fflfl^^ffl ^ > S/ * ;i/ © ge-ffc e>mw* A r x v bs ic ft -? § it 

, S i <fc 'J*£<&oTV^ 0 o£ »J, SiGe-pHVTMI SFETW 
©£l*g$!l£ft£ 0 r3*»J, »Si-pVTMISFETT'lt Sift^;i/ 
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&C*fU M©pHVTMISFETT'tt> S i G e ^ -V 
;i/=fi;gi:&oTV^(Z>T% Vbs©f&»& «fc y ® < SttS fctf) 

[0 0 4 0] 

®4te, »Si-pVTMISFET, ^IflfflS i Ge -pHVTMI 

«r^-rHT?»S. PHHIC^T, *Wtt36*''W7*Vbs«:*U 
;i,tf^>$/-Wb£i£bTVN£ 0 fc£U Pft*»l S FETtCfcV>T«, 

<D^TlC*f-f Stff^^) #*£^= »Si-pVTMISFETW 
#|gt8<Z>S i Ge - p HVTMI S F E T©^1"*UC33V^%k «c<W 
»MM&& 1 X 1 0 18 cm~ 3 , 2Xl0 18 cm- 3 , Jktf 5 X 1 0 18 c nT 3 «>ffc 
£-frTV^„ ^f-h/HT^VgiiOVT'feSo 
[0 0 4 1 ] 

th(D&T£mm&&r<nm*£zw^rmm?zz£tfx°i*z> 0 vtm 

I SFETIS i Gef^^MltS^niW I S F E T (C <fc y#f*-* 
[0 0 4 2] 

as«^>f r*vth#3»v^wr;*T?»s«« (vbs#o. 3va±® 

mm) S iGef t^^©3Kr>i/^;i/^S if ^*;V©3Kf>i/^ 

y VnX h*^, SiGe-pHVTMISF E T(D b£ V^WEEVth 

(DjjtfS i -p VTM I SFET©b£tME«JEVthJ:yfcte^;ifc, tf^fS 
gc(D^M^tiS5:«< LT%L£v^«ffiVth&{£<## 0 3 S3. 
-ebT> *»pHVTMISFETlt £*>IC*£&S 
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[0 0 4 3] 

fcfc, #3SJ6?g«UCJ3V>TB:, Si#^*;^*25©J?SS5nmi:Lfe^ 
S i *W?MZ 5tf)J5£& 1 nm^lT' 1 0 n mJ^T<Z>$SffllC& 5 d £. 
Uvv, ^<D3gS&, S i *vv?M2 5 fc*W*ftLT4*- h*Bi^]8S££SlC7£f£ 
1-££iMC&, 1 nmIH©j?S^St?fe5ifc, S i^P^*;^l2 5^J?t 
f^ilSi Ge^*;i/«c2 4*Mf- httURJRl 6 ^ £jg < &3 ©tlf/U 

[0 0 4 4] 

S i Ge^*;i/MJ|!c2 4©Geffi^tt, flfW$£ L£ VHBSJEV th&{6< 
LSSj&T?*?* LV*#, »JtcHf<*-&i:S i - S i G e ffi<Dfett&&\ZM 

<DT». S i G ef t^MWG ejffijfcspW:, 1 5%J2LtT»4 0%^T©^HfC 
LV*. S iGef ;i/Mlc 2 4 (7) 3 3nmg±T'2 0n 

^VNffi^ffiVth^Tb-r^Sr t:fr*>. ^(DmZlZO nm&>±T* 2 0 n mJ^T 
[0 0 4 5] 

#ClC, SiGe-HVTMISFET©i*#tt, O t 'JSS/U Vbsl: 
MU5:V^It'ffl#tt§, WS i -VTMI S FET^itfefS,, 
[0 0 4 6] 

0 5fcJ\ TOSi-pVTMISFETt, MOSiGe-pHVTM 
I S FETtCVg - I <HW&%:i:kMll,X^-tmT*3b2>* HgEUCfcV^T, Hfi^ 

v>-rti : t i x i o 18 c m" 3 T*& y, ^K^-f yxvbs&^-r*it> o 

Vt'fe5 s SEtCSiWLfeiiy T'&Stf, S i Ge-pHVTMI S FETtCiSVN 
lC;^-fJ:-MC, SiGe-pHVTMISFETiCfe^ttt, 
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* 

X (gm) fcig*l,TV^£ rtW*> S i Gef ^^^^ICfeWS 

*-;i/CD^ifr,g#s i y iitc is, 

[0 0 4 7] 

0 6(a), (b) It »Si-pVTMISFETil*^©SiGe 
-pHVTMI SFETfcJCfcttSVd-I dtfttOgfc&JtifcUTaVrBrc* 
6, g6 (a) , (b) fcfcHTtt, ?- F9>f ^*JE (Vg-Vth 

) &/^;*-*i:LT3£ft3-rrv*5 0 L£ v^-fiimffiVthSrSS^sy- htf- A 
- F^>f y«jEtC*fbT> *»W©S iGe-pHVTMI SFETT'lt ft* 
CDS i -pVTMI S FETCDftl. 2te© K U>f >£*D*Sfe#»e>*lT £ 

[0 0 4 8] 

0 7 1*, f^©Si-pVTMISFETil, #l§0J!CD S i G e - p H V TM 
I S F E Th(JD<£«#T&C£tt5*-;P<Z)^^Ifr^ (Effective Mobility) £ 
Jt^bT^f 0t?fe£ o *»SiGe-pHVTMI SFETtt fl!*© S 
i-pVTMI SF E T\Z^shXm2.^(DM\^-)^W5M^hX^^ a ZL<D 
«fce>iC VTMI SFETIC^^TS iGe$:ft^;H:MV^fc> L^ffiM 

j±vthcD<£M, s«A-rr^^t!tr 

^«^CDm*^e>^£#§ff1-&^ h5>>^x#CDfl!BigMM:£* 
[0 0 4 9] 

0 8(a), (b) it, S i - p VTMI S F E TICfcttS V g - I d 

^ ^ Ht0^»IS & 2 X 1 0 17 c m" 3 , 5Xl0 17 cm" 3 i:iAT 
^fHtfeS. EI 9 (a) ~ (c) it. *mm<DS iGe — pHVTMI SFE 
TICfeWSVg-I d#f^;Kf^IWi«I^2X 1 0 17 cm" 3 , 5X 
10 17 cm" 3 , 1 X 1 0 18 c m~ 3 lZ^z.Tjjk-tmX'&Z> 0 0 8 (a), ( b ) Jk 
009 (a) ~ (c) IC^TI*, S^WT^Vbsfc- 0. 6V^f>lVit 
0. 2 VM#T*^ffc£-frk££a>#V g - I d#<ffift^^0^$tlTVAS o VIZ. 
«, 09 (b) tC^-r#tt^e>> M I S F ETCDlfrfWCttSlgrW TXVbsfc 
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-o. 6 vie, &mmzi*mmAJT*vi>s*:o vizmn-tzziuzz y, m# 

SCh^fc^. MI S FETcOlMWC&^IKrW T*Vbs£0 VIC, 

##^tctta«A-rr^vbs5: i vKnw-tz>z.£iz&-DT*j. mftmz&vz 
m^^n^mmtm, mmmz&tf&m^isi*^mm&vthtt>mbnz>z\£.tft> 

[0 0 5 0] 

EI 8 (a) , (b) 9 (a) ~ (c) ^.tbl^'S £.t>fr&&OlZ. jff-r 

■< m^&^MWM&M&W^J T XVbs-tfm~-C>W}&. «§Ep!tf)S i G e - p 
HVTM I S F E T£>##L£^<firej£2)MN£ <> fro, ^£/"W T Vbstf)^ 

itizM^f&v g - i d#-ffi(Z)^bitia^^:^v\r £.tft>fr£ 0 -r&;b*>, vtmi 

SFETiCfcV^T, S i G e ^ -Y £|S!tt£ 3 £&CJ; y, b £ V^SJE V th<7) 

<£«ffiffc£. a«A>r rxvbsic^ft-'g) b^vAfit«i±vth(7)i/7 h mw^^T 

[0 0 5 1 ] 

*5li<DSiGe-pHVTMI SFETtCS^TH JK:£|6J<Z>^|£A 
^T^Vbs$:MLfe^^(Db^V^'fB«J±Vtha){£T^^ : b< & oT^£ 0 o£ 
y , JS#ft(Z)MA^7XVbs£E=p#ai-£3£&Cj: y , ^t^Fl^-f>t^I d 

tfm*>ftz>° r(DiiiR^r&i©MA-rrx©^p^tci3^s L^v^mmvth©* 

£&<&Ttt> S i G e ©A> K^ft >y ^ S i J: *J /hS ^fefi), V-Xfre>JI£: 
S i G e ^^^)\yW$.0^-)\y(D^\Z^^>if^yiy^)^ti^h^ V^^lC^HH 

[0 0 5 2] 

^^mmo)^mmmm^M<hr^< *»siGe-pHv 

TMISFET, »Si-pVTMISFET^C, fr 
p HVTM I S F E T H'&%:(D S i — pVTMI SFETS i ZliZ&rtZ>MW* 
[0 0 5 3] 
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HI Ote, fi£5fctf>S i - p VTMI SFETt^OS i Ge-pHVTM 
I S FETiiCfeWSU%V^«JEEVth<Z)S«A>rrx«#ffiS:, aK-r-f ««© 

U SV^mjEEV thrift <«; 5 i:t%jc, S«/H7^«»r^§<«!o 
TVx& 0 S i Ge*V*)l£-f2>Z.£T'L%^mmB.<Dfeffi}l r (DPtJztfi 

mbtlT^&Z.£.ifi£<t>fr&. $^(C. S i Ge-pHVTMI S FETfCfe 

Vthco^ST (iEco^fSj) ##lc^L^„ ititt, t&fc&CDiifcy, SiGefi'^ 

[0 0 5 4] 

01 1 (a) , (b) tt, -e*l-?*l)EtC, t»©S i -p VTMI S FET, 
X.Xf*m%<D S iGe-pHVTMI S F E T <Z> L £ V^SJEE *MXt=. £ £<Z> V 
g-Id#-f4£, S*A>f yx£^*-# £ Lt^tHtfeS. EI11 (a) 
, (b) iC&^Tte, g«/t>f TXVbs^O V©B£lC, ffi#©L#vHB«JBEVth 

V*S„ ^©i:^, Si-pVTMISFETffl^f-fI«M«Itt5Xl 
O^cm'^iJ, S i G e -HVTM I S F ETffl^f^ilOMIItt 
, f©2f©lX10 18 cm" 3 tfe|» o 
[0 0 5 5] 

Lfe^oT, *M©SiGe-HVTMISFETtt, ft^M^Si 

u£vHa*EE&s i-pVTMi s f e Ttmrnzmte-tsz. £tf-e&& a -e© 

fcgJH, S i Ge-pHVTMI S FETT'tt, S i - p VTMI S FETICH 

igc2 3©^#a^$:^<^Le>^^i:i:, «»&#^-V*;b«3£&JRffl U 3 
S3hlC^0LT^So f It, *^0SiGe-HVTMI SFETfCfcU 
, f^B#fCteS«/^7;*Vbs&;*:£< Ut7'J -^l^&flWLoo, lfr# 
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[0 0 5 6] 

01211 011 (C;*3*l£fi£&(Z)S i - p VTM I S F ETM«!BJ!tf>S 
iGe-pHVTMISFET0Vg-Id#ffi?:, ^>«StE I on-^:7 'J - ^ 
«^Ioff !$'&£LTmLfzmT*$>Z>* #MI SFETffl FU>f 1 V 

©Si-pVTMI SFET0t>t^Ion, U - 1 °f f ©T 1 - 

#, ittf^*^© S i G e - p H VTM I S F ET0t>t 
Sfclon (KW>S® , JkZ?*7 U off ©r-^t'feS. ^^T% 

o, ifW©ai;ur^vbs^-o. 4Vt, ^iH®i«;H7xv 

bs#0. 8 VODVg- I d#»^0yn-V h^feU, □, IMWtf)* 
f 7U Vbs^ 0 V t#it©SlAM 7 X Vbs^ 0 . 8V©V g - I d 

[0 0 5 7] 

Ell 2*Md*>7^£ ^5fctf>S i - p VTM I S F E TRZ$*mm<D S i 

G e - p HVTM I S F E T&C&VM:, t7U -^Sfcftl off (Dffl^IWI £ £ £ IC 
WSi-pVTMISFET (O, □) J: U fe^lgB^CD S i G e - p H 
VTMISFET (•, ■) <Dj]tf-m\<^>mffiI on^^P>4xT^^ 0 
/K^YM^(Z)^M%a^^ffi<^otM<S?)ii^^-V^;i/#it$:b^S i G e — p H 
VTM I S FET#^S«AMTX#tfc7 fc^bTV^^^Cj: U*£< L£ 
^mn&*/7 h IT^Siil. S i G e^^^;i/fI^Sc2 4 ^C0t}n-;1/©# 

£tt£^A>f 7;Wbs£NB#f^C/MTXb£:^-£ (Vbs=-0. 4 V) ICli 
, «<Z)S i - p VTM I SFETt*«i©S iGe — pHVTMI SFET 
■^(Z)^->«^ I onCD^&J; 'Jlf t&otV^S. WV^*.S£:, i^VM on/ I of 
f it&iSIil^t^S. 
[0 0 5 8] 

^>£>j, S iGe — pHVTMI SFETlCfeV^T, lMWCfc#£ 
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u r^ic^f -? z> tH9- ytsv $ ^ &c, ifr#m t'&mw t ©rate & w z> 

£^Tl£, ^*;i4Ii|!c£3f ^ y :/Jg<fc »J %Xy F3r^ y :/<Z>/h£ v^M"e*tJ& 
[0 0 5 9] 

Ifcr irs^ s«A-f 7*©M:&c/£ctm ish7>^^ 

[0 0 6 0] 
[0 0 6 1 ] 

#|^£jBUC;l3V^&, *^^S iGef Y^;i/fi^§:ttl.pHV 

tmi s FETizmmLt=.mzmmLfef)K *mm&. sissicc^^ 

i C^^^MMm^m-r^HVTM I S F E T iCjgfg L fe^lCH:, >£#^{c 

^mj](D LTMm-tZ> nft^;i/SM I S F E T ( n HVTM I 

SFET) ^rt^T'tS. 
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[0 0 6 2] 

*mMMmiz&^T it, /vitas im&zm^tawzmvfctf, so 
imfczm^Tib&^o soimfazm^fem&izit, #hvtmisfet© 
^f-f m®m±<Dm%MmMZftM-tz>z.ttfwmz&£<DT*. #hvtmi 

[0 0 6 3] 

(fc 2 

SfA'f^ (cHVTMISf/Wx) ©^lCoV%T^"tSo 
[0 0 6 4] 

013 (a), (b) , (c) «, -etl-etlJBK, *WIfflcHVTMI 

s^a-t x<Dm^m-tmmm, phvtmi s few- h/HT^wn 

fCfcWS/^ MS:^tX^^^> K0, WnHVTMISF 
[0 0 6 5] 

®13 (a) KTjk-t&OiC *»ifflcHVTMISf;HXlt pM<Z) 

TMISFET (pHVTMI SFET) 3 0 m.&>&frM1tm 

1 1 tf)±fC|gtt£>;ft£n^*;i/MHVTM I SFET (nHVTMI SFET 

) ffloD^*i8 o t*mvT^z> a ^mfamsoit, zti^etiso i*«©± 

gP£*iJ&-<r&_tBlSS ill2i:, _hgp S i 1 2 tf)±fCU H V - C V D&JC J: *J 
xtf#*^;w£;§£;ft£:^£,ftjl 0 nm©S i Ay7 7«l 3 S iAy? 
?M 1 3(D±CUHV-CVDS[Cj: M Xfc°# ^>>^;i/f£J|$*l£J?£;& 1 5 n 
mCDSiGelH (GeM$30%) S i G el 1 4 ©±CU H V-C 

VDmzX Uxfc?#=^>^;i/j&;R£ft£J?$,1$5 nm0Si#^*;^I15i:l: 

Si§52i:, ±3PS iJK5 2©±CUHV-C VD&K<fc »J X fcf * 3r */ -v ;i/J& 
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SStlfeS iA*;7 7i5 3fc, S i^7r!5 3 <D±&C U H V - C V D&lC 
J:yx£**S/*;i//fcR3ftfeS iGe§54il, S i G e R 5 4 <D±lCU H V 
-CVD&ICJ: »J xtr^^i/-v;i/^S*lfcS i^55 i: &fS*.TV*S. 
jf 8 OtfDS i 3, S i G e fig 5 4 , S i fig 5 5 <Z)J|E£ tt, ¥##Jf 

30©Si^y77il3, SiGelH, S i * V V 1 5 <DW- £ £ **l 

[0 0 6 6] 

cHVTMISf/H^H fM3 0, 8 0 ©±KI*n*ft«tt 6 
tiTci/U nvSMtHfta^fc*^- hJMMilK l 6, 5 6i:, ^f-MSiH 6, 5 

6©±JC*n"e*l«We>tlfe^-h«*l 7, 57L ^f-Mil7, 57© 
fflffi±JC*ft*4x«tt&;nfetf>f Ktf*-/l/l 8, 5 8 ££fltx.TV>3 0 fit 

^i3o©e>^>if-h«ii Konm^^n-t^mmz^mm^^^ 

*«4&&-£tfV-:*1£«2 0 aMFl^^>i«2 0 b "otlT V>S. * 7c 

V-XfcWe 6 0 a^KH>I«6 0 btfKtt&ftTV^S. * 
±SPS ilg|12tf)-?*>V-*- >«2 0 a, 2 0 b IHHCffi*"*- 

HiI©nS^ii5:^^S i^l!2 2#tttt&*U SiA 9 77 

jsi3©e)t>v-x - h*u>f >fg«2 o a, 2 0bmK&m-t2>mmzi,*femm 

• KN>I«2 0a, 2 0 bHtC&«^&1£«lCl±<6a£eDnS*tt4&&^& 
S iGe^*M*24#8»&*l, SiI15©^V-^' Kl/>f >«« 
2 0 a, 2 0 bratcM-rSf!S«tCtt<£»iK©n^*IS^S:^tf S i *w7M 
2 5^flftW&*lTV%«. ±SPS i!5 2©e>*>V-* ' KW>1«60 

a, 6 0 bWCfittt*«l«K:tt*ftt©PfiW**^ s i^I«6 2 
S i A>y 7 7l 5 3 © e> V-^ • F l/>f >f Ic 6 0a, 60bW 
iC-ett-rSfl^lCli^SCDpM^Mtl^^tfp" S iflg«6 3#gS!#k*K S 
iGeK54(De>*>V-^ - KK>M6 0a, 6 0 b (SUCtftfr* SASAKI & 
ffi*£©pM**R4&£'£tf S i G e^V*)lM1£6 4 jWRtt&tU S i fig 6 5 CO 
^y-*. KK>i«6 0a, 6 0 br^C&«-r6f!^lCliMjg©pM^ 
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[0 0 6 7] 

fcfc, BM%bfcv*#, 3S«t±(cte, jfim*|& »IWMH*fcJMLTy-* 
• KM >fR«2 0 a, 20b, 60a, 6 0 b(Ciit53>^^ b> 

[0 0 6 8] 

*mMmn<D chvtmi s^*>f ^©isiixgKfcv^tt, sont©- 

1 X 1 0 18 atoms • c nT 3 <7)^»W K- titz. n + Sil (pH 
VTMI SFETfl^c) ^P + Sil (nHVTMIS FETffi«) £lC&oT 
fc»J, UHV-CVD^i:j:iJx^f^^^^^tlfeSiAy77l, Si 
Gef^^Mi, Si^r^^ilt II* a s - g r o wn©titH 
**Mfc# K-y£*iTV>&V%7> K- :7JS £: & o T v^«. 3(Z)B#> Si/t-y77 
lODf^ttl OnmT'&U, S i G e f ^r*M©jf »tt 1 5 n mtft »J, Si 
^VVfMW&MS-S nmtfeS. £ S i G e ^ *;i/«SclCfc#£ G e 
;£^±3 0 %-e&£o SiGel, S i ^? >V ^I®^i^*^7 bfetlC, 
nHVTMI SFETfl^ScCDS i G e *V *;i/«ctf i£&C«, 1 X 1 0 

17 atoms • cm~ 3 ©pM^3M*W*>&AlCJ:y K-^S*V*. P HV 
TMI SFET««OS i Ge***;HS«0>#S£lCtt, I«1X 1 0 17 at 
oms • cm" 3 ©nM^Mt/^-f^>^AtC<k U K-^Stl«. fe£U SiGe 
IK, S i dp-vy^»ttr> K-^ST'^iVNo L/T, fi±I(Z)Si^*;^S 

srnamfb-rsriitc <fc y#e>nss/u n>ifrfbi*&4*- h*e»Bifcu -e©±»c 

ISIIO p ^ K - ^ 3 U ^ U 3 > S p + 

p+ M<z>v-x • KM ^flMSfcJW&fftStu -e(0±^tcv-^«ffi • K 
M Ba*3*iTV^*V*#, _t§PSi£l (S 
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i jKt 2 * «tf 2 2, 6 2 tin:/*? MC £oT±M<&MHCg^;**lTVNio 
[0 0 6 9] 

Ell 3 (b) lC^-tJ:e>{C, pHVTMI SFETCiS^tH SfrfWlCttjg 

^tfeot, ^-h/wr*© manic**;, s i Gef^*Mi2 4 &c*-;i/ 

[0 0 7 0] 

013 (c) IC^-T ck^iC, nHVTMI SFETCJS^TH 

S i^^y^S6 5iCnf ot'J, SiilSiG 

e (Z)/\-r-agH^C£^-m, te*!M&tC«rafcA,£>*> K^afiiW^UftV^Tf, 
*»l©cHVTMI SfAMX^nHVTMI SFETH t£3fe<Z>n^ 
^*;i^©S i -VTMI S FETiH3^0ttf^«IBS:tbTV%*. 
[0 0 7 1 ] 

*MIfflcHVTMI S^AM^tt, ffi*4HtffiWHVTMI S 

^ / w * fcSSit L/ e> £ ffl&tf %> & o 

[0 0 7 2] 

#}C, nHVTMI SFET0S i^f-fl«6 2 IC K- ^"T bT 
S i Gef J ?^;«6 4^#4lT^-5©t% S i jK -5= 6 2^f>S i * 

«flMM6*3*iS. rtili, S i G e Hftfiffl^n >©M§I^ S i o 
*;ftJ:y/.h3V*£fclCjgHLT^S. ^©MIH* nHVTMI SFET0L§^ 

HVTMI S FET©LSVNffi«JES:iSi*-eSSii:^e>. S i^Vfl^6 2 
tf>^M4«^ £ M&> X mfa X <i r * r * if* £ it S ^ £ T*£ 3 . 
[0 0 7 3] 
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v*Mmzc (j}-#y) <D^m^tfo. oi%-2% (M*-itffii%) -e& 

5S i n _ v _ v Ge v C v tCi;y#^LTtjJ:VN 0 S iGef^;i/»C^ 
1 x y x y 

x y x y 
[0 0 7 4] 

@14 (a), (b) , (c) tt, *fo?nmK. *mMMM<Dc HVTM I 
S^A-f * (Digit Sr^-fWffiEK p HVTM I S F E T (Dtf— h T 
(Mil?®) &C;BW£A> FVtMZ^-t^*fr*^> K0, WnHVTMISF 

FEI-efeSo #H««UCfc^Tte, f^MlttS ii-x-y Ge x C y * Cek 
[0 0 7 5] 

014 (a) {3fcHVTMISr^H^H pHVTMI SFET, nH 
VTMISFETtCfcV^T, @1 3l3tS i GeHl 4, 5 4 tCf^X-T S i G 
eC&19, 5 9 SrfBtt, S i Gef ^^M^2 4, 6 4mtSiGeC 
^*;i4I^2 9, 6 9 £fgtt£r £ {C J:oT#e>*l£ = ^(Dffe©g(S^(Z)^5gtt 
, 01 3|CatfcHVTMI S-ir^W Z.(DW&£.\3V€%>£>° 
[0 0 7 6] 

014 (b), (c) fC^i^C, «||g01UC^-ai, pHVTMIS 
FET, nHVTMI S FETMC, (S i G e C*JI#)i&<fr 

p3^*;i/&t>*S i G e CtM#>i&»n^-Y*;i/) #j£j££*l£o 
[0 0 7 7] 

il5(t *H»I©nHVTMI SFETMpHVTMI SFETCS 
^1-<fc^C, «^M7*frJ^iai&5 0lC<k*K nHVTMISFET©pfx 
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Mitmz & l # ^Mmffi^® < & y , #$sb#ic & b ^ v^«ffi2>^ < & s £ e> ic 

[0 0 7 8] 

#l!2«lUCj;Sh, ^-¥*;i«c&S i G e CJC£ yiffifc-tSi^fCj: y, 

ffim^&tffc^ffmics i/Si g e c/N^n^rgfltcfctt&A:/ K^JiM ( 
Afoil) &£C3-frSi£fcJ; y, n^-Y*;i/ • p 

^■**;b|»3§fc"3- S£ -r^fc^>, nHVTMISFET^IftM 

n^**;i/&^LTV>S©"T?, HKDHIfltC^WSpHVTMI S FETi: 

t^t'tS. iot, pHVTMI SFET, nHVTMI SFET^CUVM 
on/ I off JtfcHig-TSr £#T*£So bfrt), 1 o©xfcr*3rS/-v;i/XgK:«fc 
oTpf^^MI (S i G e C?"Y*/l/flK«2 9) n^**;Hg« (S i 
GeCf ^*M«6 9) Sri^ctSS iGeCll 9, 5 9 £ *l S £: #> 

[0 0 7 9] 

^2©HJ60J»K:fev^T^WUfc«fc-5»c, *iIWcHVTMIS 
*rA<i >UC£V^T%, S i Ge Cf ^*^/1S«6 9©#ftlCj:oT, Si^f^ 

l§ff$IXSo -r&*>l3, Clf^ ^«©if«Bc©MHh^SM^-^?L$:ii 

#>s^e> h#*.e>*is 0 

[0 0 8 0] 

*mmT*&. VTMI S FETilLT«il^S¥##£5iKlC33V^, 
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(a) , (b) it. *mm<Dmi<DmMJ&n<DS i GeJS&^-Y*;WC/gV^ 

^Di^pHVTMi s fet £^oa>mmm%.x$ : ¥mmT*&2> 0 

[02] 

(a) , (b) , (c) ■en^tiiHtc, f;bh-r>^M, Mftmjktfmm 

[03] 

(a) , (b) tt, -g-tl-^tlJlRfC, S i -p VTMI SFET, SiGe-p 
HVTM I S FET(D«l?W-Kf>J/i?Mi/U */ a 
0T*&£„ 
[04] 

S i-pVTMI SFET^S iGe — pHVTMI SFE TtOft^i^ 
[05] 

Si-pVTMI SFETt. S i Ge — pHVTMI SFETh©Vg-I 
d £ Jt« L T B -T 0 Tf & * o 
[06] 

(a), (b) S i - p VTM I S F E T £ S i G e - p HVTM I S F 

ETfcicastt&v g - 1 am&<Dmt$:s&misT7*-tmT*&z>o 

[07] 

Si-pVTMISFETil, S iGe — pHVTMI SFE T h (DiSHH^T 
[08] 

(a), (b) tt, S i-pVTMI SFETCfcWSVg-I d^ft&jKf 

mm <d *n®mm z 2 mm tc ^ x. t ^ -r 0 t* & & . 

[09] 

(a) ~ (c) J£, S iGe — pHVTMI S F E T tCfettS V g - I d #tt 
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[010] 

S i-pVTMI SFETiS iGe — pHVTMI SFET£{C&tf£b£ 
[011] 

( a ) , ( b ) tn^nmiC. Si-pVTMISFET, S iGe 
-pHVTMI S F ET<DLg^mnfc*M7Lfe££<DV g~ I d#'[££^-r0 

[012] 

01 llZmZtlZS i - pVTMI SFET&t>*S iGe — pHVTMI SF 
ETCDVg- I d4#<[4£ Ion- I of f #<f££ Ltaifc0t^5o 
[013] 

(a) , (b) , (c) li, ^-tl^tlllilC, $2(D»|0cHVTMIS 
XCD^fc^^T®®, pHVTMI S FETWnHVTMI S FET 

[01 4] 

(a) , (b) , (c) tt, -^tl^tlJlRtC, $3fflHMfflcHVTMIS 
^A>rx<Z)^$:^-t^T®0, pHVTMI S FETMnHVTMI S FET 

[015] 

f 3©»I©nHVTM I S F E T&t>*p HVTM I S F E T 

[^#tf>IPJ!] 

10 Si 

1 1 tm&frMim 

12 ±gp s i m 

13 SiA>y7 7® 

14 SiGelS 

15 Sig 
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1 6 ¥- httJBIK 

17 >f- hnm 

2 0a v-;*«c 

2 0b F l/>f >«c 

2 2 tf? 4 mm 

2 3 n" Si fI*§Sc 
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[03] 



(a) 
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[04] 




[0 5] 




y-hmi± tv] 



4 
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